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IRON COMPLEXES OF I-IYDROXYPYRIDONES 
USEFUL FOR TREATING IRON OVERLOAD 

This application is a continuation of application Ser. 
No. 06/944,355, ?led Dec. 22, 1986, now abandoned, 
which is a division of application Ser. No. 06/651,684, 
?led Sept. 18, 1984, now U.S. Pat. No. 4,666,927. 

This invention relates to compounds for use in phar 
maceutical compositions. 

BACKGROUND OF THE INVENTION 

Certain pathological conditions such as thalassaemia, 
sickle cell anaemia, idiopathic haemochromatosis and 
aplastic anaemia are treated by regular blood transfu 
sions. It is commonly found that such transfusions lead 
to a widespread iron overload, which condition can also 
arise through increased iron absorption by the body in 
certain other circumstances. Iron overload is most un 
desirable since, following saturation of the ferritin and 
transferrin in the body, deposition of iron can occur and 
many tissues can be adversely affected, particular toxic 
effects being degenerative changes in the myocardium, 
liver and endocrine organs. Such iron overload is most 
often treated by the use of desferrioxamine. However, 
this compound is an expensive natural product obtained 
by the culture of Streptomyces and, as it is susceptible 
to acid hydrolysis, it cannot be given orally to the pa 
tient and has to be given by a parenteral route. Since 
relatively large amounts of desferrioxamine may be 
required daily over an extended period, these disadvan 
tages are particularly relevant and an extensive.amount 
of research has been directed towards the development 
of alternative drugs. However, work has been concen 
trated on three major classes of iron chelating agents or 
siderophores, namely hydroxamates, ethylenediamine 
tetra-acetic acid (EDTA) analogues and catechols. The 
hydroxamates generally suffer from the same defects as 
desferrioxamine, being expensive and acid labile, whilst 
the other two classes are ineffective at removing iron 
from intracellular sites. Moreover, some cathechol de 
rivatives are retained by the liver and spleen and EDTA 
analogues possess a high affinity for calcium and so are 
also likely to have associated toxicity problems. 
We have accordingly studied the iron chelating abil 

ity of a wide range of compounds and in UK patent 
applications 8308056 (published as GB 2118176A), 
8407181 (published as GB 2136807A), as well as in the 
corresponding U.S. applications, application Ser. No. 
478,493 (U.S. Pat. No. 4,840,958), application Ser. No. 
592,271 (U.S. Pat. No. 4,585,780) and application Ser. 
No. 651,772 (U.S. Pat. No. 4,587,240; reissue application 
Ser. No. 253,579, we describe certain compounds which 
we have identi?ed as being of particular use for the 
treatment of conditions involving iron overload. These 
compounds consist of 3-hydroxypyrid-2-ones and 3 
hydroxypyrid-4-ones having a substituent on the nitro 
gen atom and optionally also on one or more of the 
carbon atoms of the ring, and l-hydroxypyrid-Z-ones 
which are substituted on one or more of the carbon 
atoms of the ring. We have now found that compounds 
containing two or more linked 3-hydroxypyrid-2-one, 
3-hydroxypyrid-4-one or l-hydroxypyrid-Z-one rings 
are of signi?cant value in the treatment of iron over 
load. 

10 

20 

25 

30 

35 

45 

55 

65 

2 

DESCRIPTION OF THE INVENTION 

Accordingly the present invention comprises a com 
pound in which two or more rings, being a 3-hydroxy 
pyrid-2-one, 3-hydroxypyrid-4-one or l-hydroxypyrid 
2-one, are linked. 
The hydroxypyridone rings in compounds according 

to the present invention may be identical or may differ, 
either varying between the three forms of hydroxypyri 
done and/or, since the ring may be substituted, between 
differing rings of the same basic form. In general, how 
ever, there is little advantage to be gained from the 
presence of dissimilar rings and this can complicate the 
synthesis of the compound so that it is preferred that 
each hydroxypyridone ring in the compound is of the 
same one of the three forms and conveniently that each 
ring possesses the same substitution or lack of substitu 
tion. 
Although compounds according to the present inven 

tion may contain varying numbers of rings, for example 
up to 10 or even 100, compounds containing 2, 3 or 4 
rings are of particular interest with the 3 ring com 
pounds being of especial use in the treatment of condi~ 
tions involving iron overload. 
The ability of both the free compound and its iron 

complex to permeate membranes is important in the 
context of the treatment of iron overload, and it is also 
desirable for both to possess some degree of water solu 
bility. A good indication of the physical properties of a 
compound and its iron complex in this respect is pro 
vided by the value of the partition coef?cient (Kpgn) 
obtained on partition between n-octanol and tris hydro 
chloride (20 mM, pH 7.4; tris representing 2-arnino-2 
hydroxymethylpropane 1,3-diol) at 20° C. and ex 
pressed as the ratio (concentration of compound in 
organic phase)/(concentration of compound in aqueous 
phase). Where the compounds are to be employed in a 
context requiring translocation across membranes, then 
preferred compounds show a value of KM” for the free 
compound of above 0.02 but less than 3.0, especially of 
above 0.2 but less than 1.0, together with a value of 
KP”, for the smallest neutral iron(III) complex in which 
there is an internal balance of charges of above 0.02 but 
less than 6.0, especially of above 0.2 but less than 1.0. [In 
a neutral complex there is an internal balance of charges 
between the iron cation or cations and the ligand or 
ligands covalently bound thereto without the necessity 
for the presence of a non-covalently bound ion or ions 
to achieve balance. In the case of two ring compound, 
for example, this smallest neutral iron(III) complex will 
contain 3 molar proportions of the compound:2 molar 
proportions of iron(III) but for the preferred iron bind 
ing compounds containing three rings the complex will 
contain a 1:1 molar ratio of compound: iron(III).] In 
other contexts, such as the intraveneous use of the com 
pounds in vivo, the value of KM" is less critical. The 
comments which follow later upon preferred forms of 
linking groups are in part directed towards providing 
compounds having partition coef?cients in the free and 
complexed state which lie in the preferred ranges indi 
cated above, which preferences as to linking groups 
also apply broadly to compounds for use in the removal 
of the other metals from the body as discussed hereinaf 
ter although the preferred number of rings present in 
the compound may then be different. 
The hydroxypyridone rings may, for example, be 

substituted as discussed in the aforementioned UK pa 
tent applications for the single ring compounds, allow 
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ing for the necessity to provide a point of linkage for the 
various rings so that, for example, if the rings are linked 
through the nitrogen atoms thereof then this position of 
the ring may not be otherwise substituted. 
Examples of types of substitution additional to the 

linking groups thus include, for 3-hydroxypyrid-2-one 
and 3-hydroxypyrid-4-one rings, replacement of the 
hydrogen atom attached to the nitrogen atom by an 
aliphatic acyl group, by an aliphatic hydrocarbon 
group, or by an aliphatic hydrocarbon group substi 
tuted by one or, except in the case of ionisable groups, 
more than one substituent selected from aliphatic acyl, 
alkoxy, aliphatic amine, aliphatic amide, carboxy, ali 
phatic ester, halogen, hydroxy and sulpho groups and 
/or replacement of one or more of the hydrogen atoms 
attached to ring carbon atoms by one of said substitu 
ents, by an aliphatic hydrocarbon group, or by an ali 
phatic hydrocarbon group substituted by an alkoxy, 
aliphatic ester, halogen or hydroxy group; and for l 
hydroxypyrid-Z-one rings, replacement of one or more 
of the hydrogen atoms attached to ring carbon atoms by 
a substituent selected from aliphatic acyl, aliphatic am 
ide, aliphatic amine, carboxy, cyano, aliphatic ester, 
halogen, hydroxy and sulpho groups, alkoxy groups 
and alkoxy groups substituted by an alkoxy, aliphatic 
amide, aliphatic amine, aliphatic ester, halogen or hy 
droxy group, aliphatic hydrocarbon groups and ali 
phatic hydrocarbon groups substituted by an alkoxy, 
aliphatic ester, halogen or hydroxy group. 

Further description of such substituents as are listed 
above is to be found in the earlier applications referred 
to hereinbefore but it may be mentioned that the ionisa 
ble substituent groups are generally of lesser interest 
than the others and, indeed, substitution of the rings 
other than for the purpose of the linkage thereof is of 
much less interest than in the case of the single ring 
compounds. Since, as will be discussed in more detail 
hereinafter, the 3-hydroxypyrid-2- and 4-one rings are 
preferably linked through the nitrogen atoms thereof 
and the hydroxy group on the nitrogen atoms of the 
l-hydroxypyrid-Z-ones is required for iron binding, 
such substitution as is present is more usually limited to 
the carbon atoms of the ring and is preferably limited to 
aliphatic hydrocarbon substituent groups. Moreover, 
although more than one of the ring carbon atoms may 
be substituted, for example two of such atoms, either by 
the same or different substituent groups, compounds in 
which only one, or none, of the ring carbon atoms are 
substituted are preferred. Substitution may occur at 
various positions of the ring but, particularly when the 
ring carbon atoms are substituted by the larger groups, 
there may be an advantage in avoiding substitution on a 
carbon atom alpha to the 

II I\ II I 
0 0H 0 OH 

system. These systems are involved in the complexing 
of the compound with iron and other metals and the 
close proximity of one of the larger groups may lead to 
steric effects which inhibit complex formation. 
Where a ring is substituted by an aliphatic hydrocar 

bon group, this group may be cyclic or acyclic, having 
a branched chain or especially a straight chain in the 
latter case, and may be unsaturated or especially satu 
rated. Groups of from 1 to 6 carbon atoms, particularly 
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4 
of l to 4 and especially of l to 3 carbon atoms, are of 
most interest. Alkyl groups are preferred, for example 
cyclic groups such as cyclopropyl and especially cyclo 
hexyl but, more particularly preferred are acyclic 
groups such as methyl, ethyl, n-propyl and isopropyl. 
The main interest in aliphatic hydrocarbon group sub 
stituents in the context of the present invention lies, 
however, in the possibility of using single ring com 
pounds containing such a substituent on one or more 
carbon atoms thereof as being a more readily available 
starting material than the corresponding unsubstituted 
compound for the preparation of the multi-ring com 
pounds. In this respect, methyl substituent groups are of 
particular interest and have the advantage of not being 
so large as to create the problems referred to above. 
Thus, with the 3-hydroxypyride-4-ones, where the use 
of methyl substituted compounds as starting materials is 
of most relevance, it is likely, for reasons of availability. 
that any methyl substituent will in fact be located at the 
2- or 6-position. 

Preferred ring systems present in the compounds of 
the present invention are shown below, the free valency 
in each case indicating the preferred point of attach 
ment of the linking group between one ring and another 
(it will be appreciated that the l-hydroxypyrid-Z-ones 
are tautomeric compounds, being alteratively named as 
2-hydroxypyridine- l-oxides). 

O O 

\ OH H OH H OH 

(I U (I 
1.“ \° ‘F 1r 

(I) (II) (III) 

0 
ll 

fj/OH \ 
CH3 N N %O 

l I 
OH 

(1V) (V) 

The hydroxypyridone rings may be linked through 
various types of linking group, the important feature of 
the compounds being the rings contained therein and 
the nature of the linking groups therefore being of lesser 
importance. From the point of view of ease of synthesis 
and non-interference in the metal complexing action of 
the compounds, however, it is preferred to use linking 
groups which are either wholly of a hydrocarbon na 
ture or which additionally contain one or more of the 
same or different groups such as 

etc. 
For reasons of simpli?cation of the description only, 

the preparation of compounds according to the present 
invention will be further described with particular ref 
erence to the preparation of two ring and three ring 
compounds. 
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Examples of suitable linking hydrocarbon linking 
groups are a benzene group substituted by two or more 
methylene groups, and various aliphatic hydrocarbon 
groups. The latter may conveniently contain between 6 
and l8 to 24 carbon atoms, especially between 6 or 8 
and 12 carbon atoms, and when used in two ring com 
pounds, where they are particularly useful, are prefera 
bly straight chain alkylene groups, although when used 
in compounds containing more than two rings they 
must necessarily be branched. Speci?c examples of such 
straight chain alkylene groups are groups —(CH2),,— in 
which n is an integer from 6 to 12, for example 8, 9 or 
10. 

Alternative linking groups of especial interest are 
groups corresponding to a hydrocarbon group in which 
one or more carbon atoms are replaced by a nitrogen 
atom and/or in which one or more pairs of adjacent 
carbon atoms are replaced by a —CONH—- group. 
Such groups are preferably of similar overall size (i.e. 
contain a similar total number of atoms in the backbone 
or chain thereof) to the hydrocarbon groups described 
above. Certain of such groups are of particular interest 
in the context of divalent linking groups for use in two 
ring compounds. These divalent groups may conve 
niently correspond to a straight chain alkylene group in 
which one carbon atom is replaced by a -—NH-— group 
and/or in which two pairs of adjacent carbon atoms are 
replaced by a —CONH-— group. They will often con 
tain one imino group in a substantially central position 
in the chain and/or one amido group located adjacent 
to each end of the chain, the carbonyl group thereof 
often being bonded to the terminal or penultimate car 
bon atom of the chain. Speci?c examples of such linking 
groups are 

(1) 

(2) 

(3) 

wherein a and b are each an integer from 2 to 6, for 
example 2 to 5, and especially a: 2, b = 3, or a: 3, b=4, 
or a=5, b: 5; c is an integer from 1 to 5, especially 1 to 
3, for example 1 or 2, and d is an integer from 2 to 8, for 
example 0:1 and d=6, or c=2 and d=2 or 4; and e and 
f are each an integer from 2 to 4, for example c: 1, c=2 
and f=3, or 0:2, c=2 and f=2 (values of d, e and fof 
1 lead to linking groups containing the somewhat unsta 
ble 

grouping). As regards the overall size of these linking 
groups, in the case of (2) it is preferred that 4E2 
c+d§ l2 and in the case of (3) it is preferred that 622 
c+e+f§ 12. In the case of the l-hydroxy-pyrid-Z-ones, 
where attachment of the linking group is likely to be to 
a carbon rather than a nitrogen atom, the linking groups 
used may often correspond to those described above but 
with an additional oxy group at each terminus thereof. 

Trivalent linking groups of use in the present inven 
tion in the preparation of three ring compounds may 
include both the hydrocarbon and modi?ed hydrocar 
bon types referred to hereinbefore. They are often simi 
lar to the divalent linking groups described above, mod 
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6 
i?ed so as to provide three groups terminating in a free 
valency arranged about the centre of the linking group 
instead of two. Groups of especial interest are a benzene 
group which is 1,3,5-substituted by three methylene 
groups and tripod groups consisting of a nitrogen atom 
substituted by three alkylene groups, for example 
straight chain groups of l to 6 carbon atoms and partic 
ularly 4 or 5 carbon atoms, or similar substituted ben 
zene groups or tripod groups in which the methylene or 
alkylene groups are terminally substituted by a group 
—-NI-ICO—(CH2),- wherein c is as de?ned hereinbe 
fore. In this latter case involving further terminal substi 
tution, the three alkylene groups attached to the nitro 
gen atom of the tripod group may generally be some 
what shorter than previously indicated, preferably 
being straight chain and conveniently being of 1 to 4 
carbon atoms, particularly of 2 or 3 carbon atoms when 
c is l, for example of 2 carbon atoms each or of 2, 3 and 
3 carbon atoms, respectively. Also of some considerable 
interest are trivalent groups similar to those divalent 
groups described above corresponding to an alkylene 
group in which one carbon atom is replaced by a 
——NH— group and also two pairs of carbon atoms are 
replaced by a -—CONI-l— group. In this case, the triva 
lent group may be viewed as corresponding to a 
branched, trivalent hydrocarbon group in which a 

group is replaced by 

and three pairs of adjacent carbon atoms are replaced 
by a -—CONI-l— group. Alternatively, they may be 
viewed in a closer analogy to the divalent groups as 
corresponding to a straight chain alkylene group in 
which a —CH; — group is respaced by 

group wherein g is an integer from 1 to 3, especially 
being 1, and two pairs of carbon atoms are replaced by 
a ——CONl-I— group. Again, these groups will often 
contain a nitrogen atom in a substantially central posi 
tion in the chain and/or one amido group located adja 
cent to each end of the chain, the carbonyl group 
thereof often being bonded to the terminal or penulti 
mate carbon atom of the chain. Speci?c examples of 
such linking groups are 
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wherein c, e, f and g are as de?ned above and h is an 
integer from 1 to 4, and especially, for (4), c: l, e=2, 
f=3 and g=l, or c=l, e=3, f=4 and gzl, or c=l, 
e=3, f=4 and g=2, and for (5), 0:1 and e=f=h=2 or 
c=2 and e=f=h=2. As regards the overall size of 
these linking groups, in the case of (4) it is preferred that 
622 c+e+f§ 12 whilst g is l to 3, and in the case of(5) 
it is preferred that for each of 2 c+e+f_. 2 c+e+h and 
2 c+f+h the sum is greater than or equal to 6 but less 
than or equal to 12. 
As regards tetravalent linking groups these may with 

particular convenience contain a fully branched carbon 
atom 

which may be attached to four groups which are either 
wholly of a hydrocarbon nature or which additionally 
contain other groups such as those described hereinbe 
fore. An example of this type of linking group has the 
form 

where each ofa, a’, b and b’ is an integer from 1 to 6, for 
example the same integer, a particular linking group 
having each of a, a’, b and b’: 1. 
By way of further guidance in the selection of suit 

able linking groups it may be stated that, for particularly 
preferred compounds, in the case of the 3-hydroxypy 
rid-Z-ones the nitrogen atoms of the rings may conve 
niently be separated by 6 to 12, preferably 8 to 10 atoms, 
whilst with the 3-hydroxypyrid-4-ones a convenient 
range is 8 to 16, preferably 9 to 11 or 12 atoms. The 
situation with the l-hydroxypyrid-Z-ones will depend 
on the position of attachment of the linking groups but, 
in the preferred case of linking of the rings through the 
4~position, the situation is analogous to that of the 3 
hydroxypyrid-4-ones. 
The compounds according to the present invention 

may be synthesised using various different approaches. 
In the case of the 3-hydroxypyridones, as mentioned 
hereinbefore, linkage is usually effected through the 
nitrogen atom of the ring. One approach, which is par 
ticularly applicable to the 3-hydroxypyrid-2-ones, in 
volves reaction of the 3-hydroxypyridone, in a suitable 
proportion, with a reagent providing the linking group 
which contains the appropriate number of functional 
groups capable of reaction with the —NH— group of 
the pyridone. This procedure is of particular interest for 
the preparation of two ring compounds and suitable 
functional groups include the iodo group. Routes to 
C-substituted 3-hydroxypyridones are discussed in the 
UK patent applications 8308056 and 8407181 and their 
equivalents referred to hereinbefore but, as indicated 
before, the more readily available compounds in which 
the carbon atoms of the ring are unsubstituted or substi 
tuted only by an aliphatic hydrocarbon group are of 
greater interest as starting materials. 
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A second approach involves reaction of a 3-hydrox 

ypyridone which is N-substituted by a substituent con 
taining a suitable ?rst functional group with a reagent 
containing suitable second functional groups for reac 
tion with said ?rst group, the linking group deriving 
from both the N-substituent and the reagent. The proce 
dure is of particular application for both the S-hydroxy 
pyrid-2- and -4-ones in the preparation of two ring and 
three ring compounds, and suitable functional groups 
include a combination of a carboxy group and an amino 
group, either one of which may be attached to the 3 
hydroxypyridone and the other of which to the reagent. 
Thus, the hydroxypyridone may, for example, be N 
substituted by a group —(Cll-l2)r—CO2H or —(CH2_ 
),-—NH2 wherein i is an integer from 1 to 5, for example 
1, 2 or 3. The reagent in the former case, which is the 
preferred one, may be a di- or tri-amine, etc., and in the 
later case a di- or tri-carboxylic acid, although it will be 
appreciated that it is usual, whether the carboxy group 
is on the hydroxypyridone or the reagent, to activate it 
before reaction. Such activation may, for example, in 
volve the use of an activated ester such as the p 
nitrophenyl or l-succinimyl ester and it will be usual to 
protect the ring hydroxy group, for example by benzy 
lation, to prevent reaction thereof with the activated 
ester group or other form of activated carboxy group. 

Yet a third approach may be used in the case of the 
3-hydroxypyrid-4-ones where it is possible to react a di 
or tri-amine, with a protected 3-hydroxy-4-pyrone, for 
example a 3-benzyloxy-4-pyrone, to replace the ring 
oxygen atom by a nitrogen atom of the reagent and thus 
effect linkage of two, three or more rings. Certain 3 
hydr0xy-4-pyrones, such as the unsubstituted com 
pound and the 2-methyl substituted compound, maltol, 
are available commercially. Other readily available 
compound include the 6-methyl substituted compound, 
isomaltol, and other 2-alkyl substituted compounds 
whose synthesis is described in U.S. application Ser. 
No. 310,141 (series of 1960). 
A speci?c example of such a ?rst approach as de 

scribed above involves the use of a reagent I-(CH2),,-I, 
“ wherein n is as de?ned hereinbefore, and the reagent 

45 

60 

-—C--(CH2Br)4, to prepare compounds containing two 
or four linked 3-hydroxypyrid-2-one or 3-hydroxypy 
rid-4-one rings, respectively, for example the rings (I) 
and (III) as shown hereinbefore. Speci?c examples of 
the second approach utilise a reagent HgN-(CHz. 
)d-—NH2, H2N—(CH2)e——NH—(CH2)f—-NH2, 

CHZNHZ 

(Cl'lzhNHz 

N——(cH2),-NH2 or 

(climbing HZNCHZ CHZNHZ 

where d is as de?ned hereinbefore, for example being 2, 
4, 6 or 8; e and f are as de?ned hereinbefore, for example 
being 2 and 3 respectively or each being 2; and i, j and 
k are each an integer from 1 to 4, for example each being 
2 or being 2, 3 and 3 respectively. Such reagents are 
used to prepare compounds containing two or three 
linked rings by reaction with a 3-hydroxypyrid-2- or 
-4¢one, for example one of the compounds (I) to (IV) as 
shown hereinbefore, which is N-substituted, for exam 
ple by a group —CH2CO2H, —(Cll-I2)2--CO2H, 
—(CH2)3——CO2H, —(CH2)4—CO2H or ——(CH2. 
)5—CO2H in activated form. The third approach may 
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be used with a reagent similar to those described for use 
in the second approach, for example a reagent 
H2N—(CI-l2)a—NH—(CH2)b—NI-I2 where a and b are 
as de?ned hereinbefore, or H2N—(CH2),,—NH2 where 
n is as de?ned hereinbefore, for example being 8 or 9, or 
more conveniently with a reagent corresponding to a 
linking group (2), (3) or (4) as described above having 
0:1 and terminating at the free valencies in an amino 
group, such reagents being used to prepare compound 
containing two or three linked rings by reaction with 
3-hydroxy-4-pyrones having a protected hydroxy 
group, for example the O-benzylated pyrones corre 
sponding to the pyridones (II), (III) and (IV), followed 
by deprotection. (Such speci?c reagents may also be 
used in the second approach, although less conve 
niently, as an alternative to those described above.) 

Consideration of these various approaches will show 
that, in some instances, certain of the linking groups 
described above are preferred in the case of certain 
types of hydroxypyridone and also that, in some in 
stances, the same type of linking group may be pro 
duced by different approaches so that, for example, an 
amido function in the linking group may be present in 
the reagent used to form that group or may be produced 
by the reaction of an amine group and an activated ester 
group, one of which is attached to the reagent and the 
other to the hydroxypyridone ring. The selection of a 
synthetic route for the preparation of a particular com 
pound will depend on various factors, including the 
relative availability of suitable intermediates. 

It will be appreciated that the present invention ex 
tends to the various compounds, per se, obtainable by 
the speci?c examples of these three approaches de 
scribed above for use in connection with the 3-hydrox 
ypyridones. 

In the case of the l-hydroxypyrid-Z-ones it is not 
possible to effect linkage of the rings through the nitro 
gen atoms thereof and linkage is therefore effected at 
one of the carbon atoms of the ring. The preferred 
approach to such linking is analogous to the second 
approach described above for the linking of 3-hydroxy 
pyrid-Z- and -4-ones in that it involves the use of a l 
hydroxypyrid-Z-one having a substituent containing a 
suitable functional group, for example at the 4-position 
of the ring, which is reacted with a reagent containing 
suitable functional groups for reaction therewith. The 
previous discussion in relation to the second approach 
used with 3-hydroxypyrid-2- and -4-ones therefore ap 
plies also in the present case, with the modi?cation that 
groups such as —(CH2),-—-CO2H or —(CH2),-—-NH2, 
wherein i is as de?ned hereinbefore, are more usually 
attached to a ring carbon atom of a l-hydroxypyrid 
2-one through another group, particularly an -—O— 
group, in view of the greater ease of synthesising ami 
noalkoxy and carboxyalkoxy substituted l—hydroxypy 
rid-Z-ones as compared with the aminoalkyl and carbox 
yalkyl substituted compounds. The synthesis of such 
substituted l-hydroxypyrid-Z-ones is discussed in detail 
in the co-pending applications of even date referred to 
hereinbefore but it may conveniently be achieved using 
a compound such as 2-chloro-4-nitropyridine-l-oxide 
for example, which may be subjected to nucleophilic 
substitution to replace the nitro group by a substituted 
alkoxy group which corresponds to or is convertible to 
that required, the chloro group then being converted to 
a hydroxy group by basic hydrolysis. It will be appreci 
ated that the present invention extends to the various 
compounds, per se, obtainable using the speci?c rea 
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10 
gents referred to above in connection with the second 
approach for the linking of 3-hydroxypyrid-2-and 
-4-ones when used in conjuction with a l-hydroxypy 
rid-2-one which is C-substituted by a group —O—(CH 
2),~——CO2H or —O-—(CH2),~—-NH2, wherein i is as de 
?ned hereinbefore and is preferably greater than 1 in the 
case of the latter type of group. The carboxy group will 
be in activated form in the former case, and both types 
of group may conveniently be substituted at the 4-posi 
tion of the l-hydroxypyrid-Z-one. 

Whilst it will usually be most convenient to use the 
compounds according to the present invention in the 
normal form, they may of course be used in salt form if 
desired, salts being formed between a physiologically 
acceptable cation and the anion formed by the loss of a 
proton from the ring hydroxy group. Moreover, appro 
priate substituent groups may of course be in salt form. 
The synthesis of compounds according to the present 

invention and of various reagents providing linking 
groups between the hydroxypyridone rings is illustrated 
hereinafter in the Examples. Compounds useful as rea 
gents in the preparation of linking groups containing 
amide functions may readily be prepared from suitable 
amine precursors by reaction with the appropriate acyl 
ating agent, conveniently in the form of an activated 
ester. Thus, for example, the amine N-(2-aminoethyl) 
1,3-propanediamine used in Example 6 may be reacted, 
as described in the footnote (l)(A) and (B) to that Ex 
ample, with glycine in activated ester form and contain 
ing a protected amino group, for example as N-benzylg 
lycine p-nitrophenyl ester, to provide, after removal of 
the N-protecting group, the compound l-lzNe-Cl-l 
2CONH—(Cl-I2)2-—NH——(CHz)3—NHCOCH2—NH2 
or the compound H1N—CH2CONH—(CH2)2——N( 
COCH2——NH2)-—(CH2)3—NHCOCO2—NH2, depend 
ing on the conditions used. Thus, in ethyl acetate and 
like solvents the former compound will precipitate from 
the reaction mixture and the latter compound is not 
formed even in the presence of a three, rather than two, 
molar proportion of the glycine derivative. However, in 
a more polar solvent, such as dimethylformamide, a 
three molar proportion will lead to the formation of the 
latter compound. The former compound may be used as 
such in the preparation of two ring compounds or, alter 
natively, may be reacted in a solvent such as diamethyl 
formamide with another amino acid. Thus, reaction 
with a suitable B-alanine derivative, for example, will 
lead to the formation of the compound HzN-CH 
2CONH-(CH2)2—N(COCH2CH2—NI-I2)-—(CH2. 
)3——NHCOCH2-—NH2. 

It will be appreciated that the procedures which have 
been described and illustrated herein with particular 
reference to the production of two ring and three ring 
compounds may be applied with appropriate modi?ca 
tion for the production of compounds containing more 
rings than this. Moreover, it will be appreciated that the 
routes described are not the only routes available to the 
compounds of the present invention and that various 
alternatives may be used as will be apparent to those 
skilled in the art. 
The compounds may be formulated for use as phar 

maceuticals for veterinary, for example in an avian or 
especially a mammalian context, or particularly human 
use by a variety of methods. For instance, they may be 
applied as an aqueous, oily or emulsi?ed composition 
incorporating a liquid diluent which most usually will 
be employed for parenteral administration and there 
fore will be sterile and pyrogen free. However, it will be 
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appreciated from the foregoing discussion in relation to 
desferrioxamine that oral administration is to be pre 
ferred, and the compounds of the present invention may 
be given by such a route. Although compositions incor 
porating a liquid diluent may be used for oral adminis 
tration, it is preferred to use compositions incorporating 
a solid carrier, for example a conventional solid carrier 
material such as starch, lactose, dextrin or magnesium 
stearate, the oral composition then conveniently being 
of a formed type, for example as tablets, capsules (in 
cluding spansules), etc. 
Other forms of administration than by injection or 

through the oral route may also be considered in both 
human and veterinary contexts, for example other 
forms known in the art such as the use of suppositories 
or pessaries, particularly for human administration. 

Compositions may be formulated in unit dosage form, 
i.e. in the form of discrete portions each comprising a 
unit dose, or a multiple or sub-multiple of a unit dose. 
Whilst the dosage of active compound given will de 
pend on various factors, including the particular com 
pound which is employed in the composition, it may be 
stated by way of guidance that satisfactory control of 
the amount of iron present in the human body will often 
be achieved using a daily dosage of about 0.1 g to 5 g, 
particularly of about 0.5 g to 2 g, veterinary doses being 
on a'similar g/kg body weight ratio. However, it will be 
appreciated that it may be appropriate under certain 
circumstances to give daily dosages either below or 
above these levels. Where desired, more than one com 
pound according to the present invention may be ad 
ministered in the pharmaceutical composition or, in 
deed, other active compounds may be included in the 
composition. 
The S-hydroxypyrid-Z-ones, 3-hydroxypyrid-4-ones 

and l-hydroxypyrid-Z-ones all possess a high affinity for 
iron(III), as evidenced by log KS0] values (log K501 is 
defined as being equal to log BFdL),,+2l-[pKSp+n log 
aL(l-I+)+m log a1_(Ca++)] where log BML)" is the 
cumulative af?nity constant of the ligand in question for 
iron(III), pK,p is the negative logarithm of the solubility 
product for Fe(OH)3 and has a value of 39, n and m are 
the number of hydrogen and calcium ions, respectively, 
which are bound to the ligand, and aL(H+) and 
a1_(Ca++) are the af?nities of the ligand for hydrogen 
ions and calcium ions, respectively). In order to solubil 
ise iron(III) hydroxide, log Km; must be greater than 0 
and in order to remove iron from transferrin, log KS0; 
should be in excess of 6.0. The log KS0] values for the 
single ring compounds 3-hydroxyl-l-methylpyrid-Z-one 
and 1,2-dirnethyl-B-hydroxypyrid-4-one, by way of ex 
ample, are 10.0 and 9.5, respectively, thus comparing 
favourably with those of the bidentate hydroxamates at 
about 4.0, of catechols at about 8.0, of desferrioxamine 
at 6.0, and of diethylenetriamine penta-acetic acid 
(DTPA) at 2.0. 
The compounds of the present invention have certain 

advantages, as compared with the single ring com 
pounds of the earlier UK patent applications referred to 
hereinbefore, in binding with metals. In particular, they 
tend to have higher stability constants thereby remov 
ing the need to use additional substituent groups to 
increase stability. This enhanced stability is due to the 
chelate effect, so that the reaction of, for example, a 
three ring hexadentate compound with iron(IIl) will 
involve a greater increase in entropy than with the 
equivalent single ring bidentate compound, whereas the 
enthalpy increase will be similar in each case. The supe 

l2 
riority of the hexadentate ligand is clearly demonstrated 
by the "dilution effect", the fraction of iron(III) bound 
to the hexadentate compound being relatively indepen 
dent of dilution, whereas with the bidentate compound, 
the binding is strongly dependent on dilution. The hexa 
dentate compounds of the present invention will thus 
generally be superior to the corresponding single ring 
bidentate compound for combination with free iron. 
However, the size of the hexadentate compounds in 
some cases may interfere with their ability to combine 
with bound iron in ferritin, and consequently some of 
the single ring bidentate compounds may be more effec 
tive at removing iron from ferritin than the correspond 
ing hexadentate ligand. The compounds are however 
fully effective at removing iron from transferrin and as 
such removal is effected a transfer will occur in the 
body of iron bound as ferritin to iron bound and trans 

I ferrin, thus allowing the removal of that iron by the 
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compounds. Although the lower ef?ciency of the com 
pounds of the present invention, as compared with such 
single ring compounds, at removing iron from ferritin 
therefore presents no real problem, it may be advanta 
geous in some cases to use the compounds of the present 
invention in admixture with a single ring compound, 
which may contain the same form of ring as in the 
linked compound with the same type of carbon-substi 
tution or lack thereof, the same form of ring differently 
substituted or a different type of ring system, suitable 
single ring compounds being those described in the 
aforementioned three earlier UK patent applications 
and their equivalents. Particularly of interest are mix 
tures of compounds according to the present invention 
containing three 3-hydroxypyrid-2- or ~4-one rings and 
a single ring compound of the same type substituted on 
the nitrogen atom thereof and optionally on one or 
more ring carbon atoms by an aliphatic hydrocarbon 
group of l to 6 carbon atoms, such single ring com 
pounds being those described in UK Patent Application 
GB 2ll8l76A (US. application Ser. No. 933,338, US. 
Pat. No. 4,840,958) and its equivalents. Such mixtures of 
three ring and single ring compounds will exhibit very 
efficient iron removal characteristics, probably on the 
basis of free iron being taken up mainly by the three ring 
compounds and bound iron mainly by the single ring 
compounds from which it may then be abstracted by 
the three ring compounds. 

In addition to the use described hereinbefore for the 
treatment of general iron overload, the linked hydrox 
ypyridone compounds described herein are also for 
interest for use in certain pathological conditions where 
there may be an excess of iron deposited at certain sites 
even though the patient does not exhibit a general iron 
overlaod, this being the case, for example, in certain 
arthritic and cancerous conditions. Indeed in some pa 
tients having such conditions, the patient may exhibit an 
overall anaemia and the metal~free linked hydroxypyri 
done compounds may then be used in conjunction with 
an iron complex which will correct the overall anaemia 
whilst the metal-free compound will act to remove iron 
from pathological to physiological sites. This iron com 
plex may be of various types but of particular interest 
are the iron complexes, and especially the 3:1 neutral 
iron(III) complexes, of the single ring compounds de 
scribed in the aforementioned three earlier UK patent 
applications and their equivalents. These compounds 
may contain the same form of ring as in the linked com 
pound with the same type of carbon substitution or lack 
thereof, the same form of ring differently substituted, or 
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a different type of ring system. The aliphatic hydrocar 
bon group-substituted 3-hydroxypyrid-2- and 4-one 
compounds referred to above are again of particular 
interest. Alternatively, the metal-free linked hydrox‘ 
ypyridones may be used in conjunction with and iron 
complex which is a complex of such a linked hydrox 
ypyridone, which may be the same or different, such 
linked hydroxypyridone iron complexes and their use in 
this context being discussed in detail hereinafter. 

Although the major use of the metal-free compounds 
of the present invention is in the removal of iron, they 
are also of potential interest for the removal of some 
other metals which may be present in the body in dele 
terious amounts. Indeed, the compounds of the present 
invention are perhaps of greater interest in this respect 
than the single ring compounds as the ability to incorpo 
rate differing numbers of rings into the compounds 
allows them to be tailored to be particularly applicable 
for use with different metals. Thus the three ring hexa 
dentate compounds are particularly suited to the re 
moval of trivalent cations such as iron(III) or alumini 
um(III) with which they form a neutral 1:1 complex. On 
the other hand, the two ring tetradentate compounds 
are particularly suited to the removal of divalent cations 
such as copper(ll) and magnesium(II), and the four ring 
octadentate compounds are particularly suited to the 
removal of tetravalent cations such as plutonium(IV) 
and other related transuranic metals. Alternatively, 
compounds containing multiples of these numbers of 
rings may be of interest for binding with more than one 
metal atom so that, for example, a six ring compound 
may be used to form a neutral complex by binding with 
two iron atoms in the ferric form. 
The present invention thus includes the use of a com 

pound as de?ned hereinbefore for use in medicine, for 
example for the removal from the body of toxic 
amounts of metals, including copper, aluminium and 
particularly iron. Moreover, the invention also includes 
a method for the treatment of a patient having toxic 
amounts of a metal, for example copper, aluminium and 
particularly iron, in the body which comprises adminis 
tering to said patient an amount of compound as de?ned 
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hereinbefore to effect a reduction of the levels of this ' 
metal in the patient’s body. 

Uses of the compounds of the present invention for 
combination with metals other than iron may extend to 
the treatment of body ?uids outside the body or even to 
quite other contexts than the treatment of patients. One 
particular area of some interest involves the treatment 
of patients on haemodialysis who may show a danger 
ous build up of aluminium in the body. For the treat 
ment of such patients the compounds of the present 
invention may conveniently be insolubilised by attach 
ment to a support material and then contacted with the 
patient’s blood to remove aluminium therefrom. Other 
uses of the compounds extending beyond the removal 
of metals from the body and involving particularly 
plutonium, for example its recovery from waste materi 
als, or even iron, may similarly conveniently require 
insolubilisation of the compound by attachment to a 
support material. 
The support material used may conveniently be one 

of various types of polymer described in the art for use 
in similar contexts, for example a carbohydrate material 
which may be of an agarose, dextran or other type, or a 
polystyrene or other material such as is used in ion-ex 
change resins. Various approaches known in the art 
may be used for effecting attachment of the compounds 

45 

55 

60 

65 

14 
to such support materials but it is preferred to effect 
such attachment through the linking groups although it 
is possible to use another substituent group on the hy 
droxypyridone ring such as an acidic or basic group 
which forms an amide type of linkage through reaction 
with a complementary group on the support material. 
Convenient approaches involving attachment through 
the linking groups are direct conjugation using substitu 
ent carbodiimides or indirect methods using labile p 
nitrophenol or N-hydroxysuccinirnide esters. However 
a wide range of other procesures is generally available, 
for example using acid anhydrides and a variety of bi 
functional reagents. 

Just as iron overload can pose problems in some pa 
tients, iron de?ciency anaemia can pose problems in 
others. As well as being of value as the metal-free com 
pounds for the treatment of conditions involving iron 
overload, the linked hydroxypyridones described here 
inbefore are of interest in the iron complex form for the 
treatment of iron de?ciency anaemia. 
An adequate supply of iron to the body is an essential 

requirement for tissue growth in both man and animals. 
Although there is normally an ample amount of iron in 
the diet, the level of absorption of iron from food is 
generally low so that the supply of iron to the body can 
easily become critical under a variety of conditions. 
Iron de?ciency anaemia is commonly encountered in 
pregnancy and may also present a problem in the newly 
born, particularly in certain animal species such as the 
pig. Moreover, in certain pathological conditions there 
is a mal distribution of body iron leading to a state of 
chronic anaemia. This is seen in chronic diseases such as 
rheumatoid arthritis, certain haemolytic diseases and 
cancer. 
Although a wide range of iron compounds is already 

marketed for the treatment of iron de?ciency anaemia, 
the level of iron uptake by the body from these com 
pounds is often quite low, necessitating the administra 
tion of relatively high dosage levels of the compound. 
The administration of high dose, poorly absorbed, iron 
complexes may cause siderosis of the gut wall and a 
variety of side effects such as nausea, vomiting, consti 
pation and heavy malodorous stools. We have now 
found that the iron complexes of the linked hydrox 
ypyridones described hereinbefore are of particular 
value in the treatment of such conditions. 
Accordingly the present invention further comprises 

an iron complex of a compound in which two or more 
rings, being a 3-hydroxypyrid-2-one, 3-hydroxypyrid 
4-one or l-hydroxypyrid-Z-one, are linked. 
The comments made hereinbefore in relation to Kpan 

values for the metal-free compounds and their corre 
sponding iron complexes in the case of preferred com 
pounds apply equally to the selection of preferred met 
al-free compounds and of preferred iron complexes. 
The comments made hereinbefore with regard to pref 
erences as to the nature and position of linking groups 
and other substituents thus apply equally in relation to 
the iron complexes. 
The iron complexes present in the pharmaceutical 

compositions according to the present invention prefer 
ably contain iron in the ferric state. Although the use of 
complexes containing iron in the ferrous state may be 
considered, such complexes tend to be less stable and 
are thus of less interest. The iron complexes are prefera 
bly neutral, i.e. there being an internal balance of 
charges between the metal cation or cations and the 
ligand or ligands bound covalently thereto without the 
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necessity for the presence of a non-covalently bound 
ion or ions, for example a chloride ion, to achieve bal 
ance. Moreover, the use of linked hydroxpyridones 
containing ionisable substituent groups (or linking 
groups) is of less interest and it is preferred that this 
internal balance of charges is achieved by complexing 
with an iron cation or cations a compound containing 
the appropriate number of hydroxypyridone rings to 
thereby provide, by the loss of a hydroxy proton from 
each ring, the number of anionic groups 0* necessary 
to neutralise the charge on the cation or cations. Al 
though such neutrality may be achieved, for example, in 
a complex containing a 3:2 molar proportion of an anion 
from a two ring compoundziron?ll), preferred neutral 
complexes of this type are those formed between the 
anion derived from a compound containing three, or a 
multiple of three, hydroxypyridone rings and a ferric 
cation, or the same multiple of ferric cations, particu 
larly those containing a trivalent anion derived from a 
three ring compound and a single ferric cation. It will 
be appreciated, however, that the invention does not 
exclude the use of complexes in which the charge on the 
anion derived from the linked hydroxypyridone com 
pound and that on the ferric cation or cations do not 
fully neutralise each other, for example owing to the 
presence of an ionisable linking group, so that associa~ 
tion with a further non-covalently bound physiologi 
cally acceptable ion or ions is necessary to achieve a 
balance of charges, although such complexes are gener 
ally of lesser interest. 
The present invention thus particularly includes a 

neutral iron complex containing 1 molar proportion of 
iron(III) and 1 molar proportion of a compound in 
which three rings, being a S-hydroxypyrid-Z-one, 3 
hydroxypyrid-4-one or Lhydroxypyrid-Z-one, are 
linked. The use of neutral iron complexes according to 
the present invention is discussed hereinafter with par 
ticular reference to such 1:1 complexes, 
The iron complexes are conveniently prepared by the 

reaction of the linked hydroxypyridone compound and 
iron ions, the latter conveniently being derived from an 
iron salt, particularly a ferric halide and especially ferric 
chloride. The reaction is conveniently effected in a 
suitable mutual solvent and water may often be used for 
this purpose. If desired, however, an aqueous/organic 
solvent mixture may be used or an organic solvent, for 
example ethanol, methanol, chloroform and mixtures of 
these solvents together and/or with water where appro 
priate. In particular, methanol or especially ethanol may 
be used as the solvent where it is desired to effect the 
separation of at least a major part of a by-product such 
as sodium chloride by precipitation whilst the iron com 
plex is retained in solution. Alternative procedures may, 
however, be used and will be apparent to those skilled 
in the art. 

It will be appreciated that the nature of the iron com 
plex obtained by the reaction of a linked hydroxypyri 
done compound and iron ions will depend both on the 
proportion of these two reactants and upon the pH of 
the reaction medium. Thus, for the preparation of a 1:1 
ferric complex, for example, the linked three ring hy 
droxypyridone compound and the ferric salt are conve 
niently mixed in solution in a 1:1 molar proportion and 
the pH adjusted to a value in the range of 6 to 9, for 
example 7 or 8. Adjustment of the pH may conveniently 
be effected by the addition either of sodium carbonate 
or of a hydroxide base such as sodium or ammonium 
hydroxide, the use of a hydroxide base being of particu 
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lar interest when preparing the iron complexes in 
batches of 20 g or more. When using a hydroxide base, 
the reaction may conveniently be carried out in a me 
dium containing water as the solvent, for example in 
water or an ethanolzwater mixture, and the pH adjusted 
by the addition of a 2 molar aqueous solution of the 
base. It will be appreciated that the presence of water in 
the reaction mixture will lead to the retention of a by 
product in the iron complex on evaporation of the sol 
vent (a chloride where the iron salt is ferric chloride). 
However, this can be removed, if desired, by proce 
dures such as crystallisation from a suitable solvent 
system or sublimation in the particular case of ammo 
nium chloride. 

Reaction to form the iron complex is generally rapid 
and will usually have proceeded substantially to com 
pletion after 5 minutes at about 20° C., although a 
longer reaction time may be used if necessary. Follow 
ing separation of any precipitated by-product, such as 
sodium chloride in the case of certain solvent systems, 
the reaction mixture may conveniently be evaporated 
on a rotary evaporator or freeze dried to yield the solid 
iron complex. This may, if desired, be crystallised from 
a suitable solvent, for example water, an alcohol such as 
ethanol, or a solvent mixture, including mixtures con‘ 
taining an ether. The present invention thus further 
includes a process for the preparation of an iron com 
plex of a linked hydroxypyridone compound as de?ned 
hereinbefore which comprises reacting said compound 
with iron ions and isolating the resultant complex. 

Whilst for some uses it may be appropriate to prepare 
the iron complex in substantially pure form, i.e. substan 
tially free from by-products of manufacture, in other 
cases, for example with a solid oral formulation as de 
scribed hereinafter, the presence of by-products such as 
sodium chloride may be quite acceptable. In general, 
however, the neutral 1:1 [linked hydroxypyridone com 
pound:iron(III)] complex is of particular interest in a 
form free from by-products which are complexes con 
taining different proportions of hydroxypyridone and 
iron. As indicated hereinafter, it may be advantageous 
under some circumstances for the iron complex to be 
used in admixture with the metal-free linked hydrox 
ypyridone compound and, if desired, such a mixture 
may be obtained directly by reacting a molar propor 
tion of the compound and iron ions of greater than 1:1. 
The iron complexes may be formulated as pharma 

ceuticals for veterinary, for example in an avian or 
particularly a mammalian context, or human use by a 
variety of methods and the invention includes a pharma 
ceutical composition comprising an iron complex as 
hereinbefore de?ned together with a physiologically 
acceptable diluent or carrier. The comments made here 
inbefore with regard to the formulation of the metal 
free compounds apply equally to the iron complexes, 
although in this instance compositions for parenteral 
administration are of greater interest particularly in the 
context of animal treatment. The problems of iron de? 
ciency anaemia in newly born pigs arise primarily dur 
ing the ?rst three weeks or so of their life when a very 
rapid weight gain takes place. The iron complexes of 
the present invention may be used to treat piglets di 
rectly by a parenteral route, for example intramuscular, 
or oral, for example as a liquid preparation “injected 
into the mouth”. However, an alternative approach is to 
enhance the iron content of the milk on which the pig 
lets are feeding by treating the mother pig using oral or 
parenteral administration, for example an injectable 
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slow release preparation (such an approach may also be 
an interest in a human context). When it is applicable to 
feed piglets on foodstuffs other than the milk of the 
mother pig, it may also be possible to effect the pharma 
ceutical administration of the iron complex in this other 
foodstuff. 
As with the metal-free compounds, the dosage of the 

hydroxypyridone iron complex which is given will 
depend on various factors, including the particular 
compound which is employed in the composition. It 
may be stated by way of guidance, however, that main 
tenance of the amount of iron present in the human 
body at a satisfactory level will often be achieved using 
a daily dosage, in terms of the iron content of the com 
pound, which lies in a range from about 0.1 to 100 mg 
and often in a range from 0.5 to 10 mg, for example 1 or 
2 mg, veterinary doses being on asimilar g/Kg body 
weight ratio. However, it will be appreciated that it 
may be appropriate under certain circumstances to give 
daily dosages either below or above these levels. In 
general, the aim should be to provide the amount of iron 
required by the patient without administering any 
undue excess and the properties of the pharmaceutical 
compositions according to the present invention are 
particularly suited to the achievement of this aim. 
Where desired, an iron complex of more than one linked 
hydroxypyridone compound as described above may be 
present in the pharmaceutical composition or indeed 
other active compounds may be included in the compo 
sition, for example compounds having the ability to 
facilitate the treatment of anaemia, such as folic acid. 
Another additional component which may be included 
in the composition, if desired, is a source of zinc. Iron 
compounds used in the treatment of iron deficiency 
anaemia can inhibit the mechanism of zinc uptake in the 
body and this can cause serious side effects in the foetus 
when treating anaemia in a pregnant female. It is be 
lieved, however, that the iron complexes of the present 
invention have a further advantage in that they either 
do not have this effect or exhibit the effect at a lower 
level than the compounds at present used in the treat 
ment of anaemia. Accordingly, it may often be the case 
that the level of zinc providing compound added to the 
composition may not require to be high or, with pre 
ferred forrnulations'of the iron complexes, may be dis 
pensed with altogether. 

It has never before been appreciated that iron com 
plexes such as those described herein might be used in a 
pharmaceutical context. Accordingly the present inven 
tion includes an iron complex de?ned hereinbefore for 
use in medicine, particularly in the treatment of iron 
de?ciency anaemia (in the broad sense of this term). 
We have found that the iron complexes described 

herein are of value in the treatment of iron de?ciency 
anaemia both in humans and also in a veterinary con 
text, particularly for the treatment of various mamma 
lian species and especially pigs. The complexes will 
partition into nsoctanol indicating that they are able to 
permeate biological membranes, this property being 
con?rmed in practice by tests of the ability of the 5‘)Fe 
labelled iron complexes to permeate erythrocytes. The 
ability of the compounds in this respect will depend on 
the nature of the substituent(s) present therein and the 
re?ection of this ability in the KW” values of various 
compounds has been referred to hereinbefore. Once 
present in the bloodstream, the complexes will donate 
iron to transferrin, a position of equilibrium being set up 
between the complexes and transferrin. It is because of 
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the existence of this equilibrium that the corresponding 
metal-free linked hydroxypyridone compound may 
equally be used in the treatment of iron overload, al 
though certain of these compounds may be of particular 
value for use in the free state for iron removal and oth 
ers may be of particular .value for use as iron complexes 
for iron supply. 

Certain aspects of their formulation may enhance the 
activity of the complexes in particular contexts. Thus, 
the neutral l:l ferric complexes are of particular value 
as being stable over a wide pH range from about 4 or 5 
up to 10 and even at the pH values of less than 4 prevail 
ing in the stomach free iron should not be liberated. 
Thus, it has been observed that, even at pH 0.5, the iron 
of such a 1:1 complex is still bound although even 
though not necessarily by all six of the original covalent 
bonds. Moreover, when the complex is cleared from the 
stomach and reaches the small intestine any internal 
dissociation of the bonds within the complex should be 
reversed under the alkaline conditions prevailing 
therein. Protection of the iron complexes from the 
acidic conditions of the stomach should not therefore be 
necessary from the point of view of preventing the 
liberation of iron from the complex. It is a possible with 
some forms of linking group, however, that breakdown 
of the group may occur under the acidic conditions 
prevailing in the stomach, for example by cleavage of 
an amide group. In such circumstances, the use of a 
method of formulation which avoids or reduces expo 
sure of the iron complex to the acidic conditions of the 
stomach can be of value. Such an approach may involve 
various types of controlled release system, ranging from 
one, which may for example be based on a polymer, 
which simply provides a delayed release of the complex 
with time, through a system which is resistant to disso 
ciation under acidic conditions, for example by the use 
of buffering, to a system which and is biased towards 
release under conditions such as prevail in the small 
intestine, for example a pH sensitive system which is 
stabilised towards a pH of l to 3 such as prevails in the 
stomach but not one of 7 to 9 such as prevails in the 
small intestine. Since the pH of the stomach is higher 
after a meal, it may be advantageous, whatever method 
of formulation is used, to administer the iron complexes 
at such a time. 
A particularly convenient approach to a controlled 

release composition involves encapsulating the iron 
complex by a material which is resistant to dissociation 
in the stomach but which is adapted towards dissocia 
tion in the small intestine (or possibly, if the dissociation 
is slow, in the large intestine). Such encapsulation may 
be achieved with liposomes, phospholipids generally 
being resistant to dissociation under acidic conditions. 
The liposomally entrapped 1:1 iron(III) complexes can 
therefore survive the acid environment of the stomach 
without dissociation. On entry into the small intestine, 
the pancreatic enzymes rapidly destroy the phospholip 
id-dependent structure of the liposomes thereby releas 
ing the 1:1 complex. Liposome disruption is further 
facilitated by the presence of bile salts. However, it is 
usually more convenient to effect the encapsulation, 
including microencapsulation, by the use of a solid com 
position of a pH sensitive nature. 
The preparation of solid compositions adapted to 

resist dissociation under acidic conditions but adapted 
towards dissociation under non-acidic conditions is well 
known in the art and most often involves the use of 
enteric coating, whereby tablets, capsules, etc, or the 
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inidividual particles or granules contained therein, are 
coated with a suitable material. Such procedures are 
described, for example, in the article entitled “Produc 
tion of enteric coated capsules” by Jones in Manufactur 
ing Chemist and Aerosol News, May 1970, and in such 
standard reference books as “Pharmaceutical Dosage 
Forms, Volume III by Liebermann and Lackmann 
(published by Marcel Decker). One particular method 
of encapsulation involves the use of gelatine capsules 
coated with a cellulose acetate phthalate/diethylphtha 
late layer. This coating protects the gelatin capsule from 
the action of water under the acid conditions of the 
stomach where the coating is protonated and therefore 
stable. The coating is however destabilised under the 
neutral/alkaline conditions of the intestine where it is 
not protonated, thereby allowing water to act on the 
gelatin. Once released in the intestine the rate of perme 
ation of the intestine wall by the water soluble 1:] iron 
(III) complex is relatively constant irrespective of the 
position within the intestine, i.e. whether in the jeju 
num, ileum or large intestine. Other examples of meth 
ods of formulation which may be used include the use of 
polymeric hydrogel formulations which do not actually 
encapsulate the iron complex but which are resistant to 
dissociation under acidic conditions. 
Another aspect of the formulation of the iron com 

plexes to confer certain particular advantages is the use 
of a metal-free linked hydroxypyridone compound in 
admixture with its iron complex. Thus, as mentioned 
hereinbefore, in certain pathological conditions there 
may be an excess of iron deposited at certain sites even 
though the patient exhibits an overall anaemia. In pa 
tients having such conditions the use of such a mixture 
has the advantage that the iron complex will remedy the 
overall anaemia whilst the free linked hydroxypyridone 
compound will act to remove iron from pathological to 
physiological sites. Moreover, there may be an advan 
tage in formulating the iron complex of one compound 
as described herein with another one of such com 
pounds in the metal-free form. Thus, it is preferable for 
the linked hydroxypyridone compound present in an 
iron donor to be rapidly metabolized so as to effect its 
removal from the system once it has given up its iron at 
an appropriate site in the system, whilst it is preferable 
for a linked hydroxypyridone compound being used as 
an iron remover not to be rapidly metabolized so that it 
remains in the system, taking up iron, for an extended 
period. For this reason the use of different linked hy 
droxypyridone compounds in the free form and as the 
iron complex has certain advantages. Moreover, differ 
ent compounds may, for other reasons, function more 
efficiently either in the free form as an iron remover or 
in complex form as an iron donor. If desired, the free 
compound may alternatively be used in the form of a 
salt formed with the anion produced by the loss of a 
hydroxy proton and containing a physiologically ac 
ceptable cation, for example as described hereinbefore. 
As an alternative to combination with a different metal 
free linked hydroxypyridone compound of the same 
type, the iron complex may be used in combination with 
another iron chelating agent. 
When using such a mixture of an iron complex of a 

linked hydroxypyridone compound and a metal-free 
compound, the daily dosage of the iron complex may be 
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as previously described and the daily dosage of the free 
compound may also be that described in relation to the 
use of such compounds in iron overload conditions. 

It will be appreciated that the present invention also 
includes a method for the treatment of a patient which 
comprises administering to said patient an amount of an 
iron complex as described hereinbefore in order to ef 
fect an increase in the levels of iron in the patient’s 
blood stream. 

In addition to the pharmaceutical uses of the iron 
complexes discussed above they are also of potential 
interest as a source of iron in various other contexts 
including in cell and bacterial growth, in plant growth, 
as a colouring agent and in the control of iron transport 
across membranes. 
The invention is illustrated by the following Exam 

ples which describe the preparation of various com 
pounds of the form 

wherein R, R" and R" each represent a substituted or 
unsubstituted 3-hydroxypyrid-2-one, 3-hydroxypyrid 
4-one or l-hydroxypyrid-Z-one ring, n represents 0 or 
an integer l, 2, 3, 4 etc. (no rings R” being present when 
n is 0) and L represents a linking group. 
The exempli?ed compounds contain two or three 

3-hydroxypyrid'2-one or 3-hydroxy-2-methylpyrid 
4-one rings joined by a variety of linking groups. For 
greater ease of reference the different compounds de 
scribed in the Examples are illustrated in Table l, the 
numbering of the compounds corresponding to that of 
the Examples. It will be appreciated that further com 
pounds may be produced by using in the procedures of 
Examples 2, 3, 7 and 9 the corresponding 3-hydroxypy 
n'd-Z-one reagent with the same linking group reagents 
as described in these Examples and in the procedures of 
Examples 4, 5, 8 and 10 the corresponding 3-hydroxy-2 
methylpyrid-4-one reagent with the same linking rea 
gents as described in these Examples. Such further spe 
ci?c compounds comprising 3-hydroxypyrid-2-one 
rings with a linking group such as is present in com 
pounds 2, 3, 7 and 9 and 3-hydroxy-2-methylpyrid 
4-one rings with a linking group such as is present in 
compounds 4, 5, 8 and 10 are thus also individually 
included within the scope of the present invention. 

It will also be noted that, as discussed hereinbefore in 
relation to the preparation of amine reactants, a change 
in the nature of the solvent used can produce a different 
reaction product. Thus, in Example 7 where methylene 
chloride is used, the secondary amine group in the reac 
tant does not react with the active ester, while in Exam 
ple 8 where the more poler dimethylformamide is used 
as the solvent, the secondary amine group in the reac 
tant does react with the active ester. It will be appreci 
ated therefore that different products containing three 
rather than two rings, or vice versa, may be obtained in 
the procedures of Examples 7, 8, 9 and 10 by using 
different reaction conditions and that these alternative 
compounds are also individually included within the 
scope of the present invention. 
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TABLE 1 

Number 
Compound of rings Ring system Linking group 

1 2 W —CH;—(CH2)5—CH2— 

(EOE 
N CH3 
l 

1A 2 R -CH2—(CH2)7—CH2— 

(ICE 
N CH3 
l 

2 2 (‘I’) -(CH2)2—CONH-(CHZ)g—NHCO(CH2)2 

(ion 
N CH3 
l 

3 2 R —(CH2)5—CONH—(CH2)2—NHCO(CHz)5— 

(joy! 
N CH3 
! 

3A 2 ‘0| —(CH;)3CONH—(CH2)2—NHCO(CH2)3— 

N 
l 

3B 

OH 

CH3 -232, 
OH 

00 Q // o // 

CH3 
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TABLE l-continued 

Number 
Compound of rings Ring System Linking group 

6A 2 o -cH2coNH—(cum-NH-(CHz)3—NHcocH2 
l 

(ICE 
N CH3 
I 

6B 3 fl) -—CH2CONH"'(CH7_)2—N—(CH2)3—NHCOCH2— 

(EOE coca; 
N CH3 I 

I 

6C 3 In) _CH2CONH_(CH2)3—N—(CHz)4—NHcocH2— 

(XOR COCl-l2— 
N CH3 
I 

7 2 W -(CH2)1CONH—(CHZ)4-—bin-(c1193..NHCO(CH2)Z__ 

(TOP! 
N CH3 
| 

8 3 \ 0H '-CHZCONH_(CH2)2_N"(CH2)2-NHCOCH2— 

I (CH2)2—NHCOCH2— 
\ 

N \O 
I 

9 3 lol _(cH2)2CONH-(CH2)2—N-(CH2)2—NHco<cn2)2 
(CHZ)Z—NHCO(CHZ)Z— 

N CH3 
I 

10 3 \ OH -cH2CONH-‘(CH2)3—IF]_(CHZ)S_NHCOCHZ_ 
I coca; 

\ 
N \o 
l 

EXAMPLES 

EXAMPLE 1 

Preparation of 
l,8-di-(3-hydroxy-2-methyl-4-oxopyrid-l-yl)-octane 

and other related compounds 

3-Hydroxy-2-methyl-4-pyrone (22.2 g) in methanol 
(225 ml) is added to aqueous sodium hydroxide (25 ml 
H2O containing 7.5 g NaOH). Benzyl chloride (25.5 g) 
is added and the mixture is re?uxed for 6 hours and is 
then allowed to cool overnight. The bulk of the metha 
nol is removed under vacuum and the residue is treated 
with water (50 ml). The mixture is extracted into dichlo 
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romethane (3 X25 ml). The extracts are combined, 
washed with 5% w/v NaOH (2X25 ml), then water 
(2X25 ml) and dried over magnesium sulphate. Evapo 
ration of the solvent gives crude 3-benzyloxy-2-methy1 
4-pyrone or “benzyl maltol” (35 g, 92%) which is puri 
?ed by distillation in nitrogen under reduced pressure to 
yield a colourless oil (28 g) of hp. 148° C./O.2 mm. 

3-Benzyloxy-2-methyl-4-pyrone (0.066 moles) and 
1,8-diaminooctane (0.022 moles) are mixed in 2:1 v/v 
aqueous methanol (300 ml), solid sodium hydroxide (2 
g) is added, and the mixture is heated on a steam bath 
for 5 hours. The mixture is allowed to cool and an ali 
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quot is taken, acidi?ed to pH 2 with concentrated hy 
drochloric acid and the solvent removed on the rotary 
evaporator to give a solid residue. This residue is 
checked for completion of the reaction through its 
n.m.r. spectrum, the presence of protons exchangeable 
at ca 5: 8.3 (d6DMSO) showing that the reaction is not 
complete. If this is the case, re?uxing is continued until 
the solid obtained from an aliquot shows no such pro 
tons. On complete reaction being found to have oc 
curred, the mixture is cooled and acidi?ed to pH 2 with 
concentrated hydrochloric acid, any precipitate formed 
at this stage being dissolved by the addition of methanol 
to the mixture. Palladium/carbon catalyst is then added 
and the solution is hydrogenated at room temperature 
and atmospheric pressure in order to effect debenzyla 
tion. The catalyst is removed by ?ltration and the sol 
vent by rotary evaporation, the resulting solid then 
being recrystallised from water to give the title com 
poundm in 40% yield as a white solid of m.p. 297°—300° 
dec; 7”,“ (nujol) 1340 and 1620 cmrl; 
8(d6DMSO/D2O), 1.5 (m, 12H), 2.5 (s, 6H), 4.3 (m, 
4H), 7.1 (d, 2H) and 8.1 (d, 2H); m/e 360. 
(Uln a variation of the above procedure, 3-benzyloxy-2-methyl-4 
pyrone is reacted with 1,9-diaminononane to give compound 1A, 1,9-di 
(3-hydroxy-2-methyl—4-oxopyrid-l-yl)-nonane in 45% yield as a white 
solid of mp. 279-280‘ C. dec; 7”,“ (nujol) 1420 and 1620 cm‘); 
8(d6DMS0), 1.2-2.1 (rn, 14H), 2.7 (s, 6H), 4.4 (m, 4H), 7.3 (d, 2H) and 
8.3 (d, 21-1); m/e 374. 

EXAMPLE 2 

Preparation of 
l,8-di-[3-(3-hydroxy-2-methyl-4-oxopyrid-l-yl)pro 

pionamido]-octane 
B-Alanine (5 g) in water (50 ml) is added to 3-ben 

zyloxy-2-methyl-4-pyrone (10 g) in 95% ethanol (100 
ml) and sodium hydroxide (4 g) in water (50 ml) is then 
slowly added to the reaction mixture until a pH of 13 is 
obtained. The solution is re?uxed for 15 minutes during 
which time the colour changes from yellow to amber. 
After cooling, the solution is acidi?ed to pH 2.5 with 
concentrated HCl (about 2 ml) and is then rotary evapo 
rated at 50° C. The resulting oil is subjected to a methy 
lene chloride/water extraction. The solid which re 
mains is triturated with acetone and recrystallised from 
water to give 3-benzyloxy-1-(2’-carboxyethyl)-2-meth 
ylpyrid-4-one, m.p. 8l°-83" C. 
The 3-benzy1oxy-l-(2'-carboxyethyl)-2-methylpyrid 

4-one (1 g) and N-hydroxysuccinamide (0.45 g) are 
dissolved in methylene chloride (7 ml) and dicyclohexyl 
carbodiimide (0.8 g) in methylene chloride (3 ml) is 
added slowly at 0° C. with stirring. After 15 minutes the 
precipitate which has formed is separated by ?ltration 
and the ?ltrate is added to a solution of 1,8-diaminooc 
tane (0.2 g) in methylene chloride (5 ml). The reaction 
mixture is then rotary evaporated to yield an oil which 
is dissolved in ethanol (30 ml) and hydrogenated over a 
palladium/charcoal catalyst. Evaporation of the solu 
tion remaining after separation of the catalyst yields an 
oil which is dissolved in acetone, the solution then being 
treated with HCl gas. The resultant dihydrochloride 
salt which is precipitated from solution is triturated 
with diethyl ether to give a low melting solid. This solid 
is further puri?ed by chromatography on Sephadex 
G10 to yield the title compound as the dihydrochloride 
salt in approximately 50% yield, 8(d6DMSO) 1.1 (m, 
8H), 1.9 (m, 4H), 2.5 (s, 6H), 2.7 (m, 4H), 2.9 (m, 4H), 4.5 
(t, 4H), 7.3 (d, 2H), 8.1 (d, 2H). 
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EXAMPLE 3 

Preparation of 
1,2-di-[6-(3-hydroxy-2-methyl-4-oxopyrid-l-yl)-hex 

anamido]-ethane and other related compounds 
6-Aminocaproic acid is reacted with 3-benzyloxy-2 

methyl-4-pyrone in an exactly analogous procedure to 
that described in Example 2 for the reaction of the latter 
compound with B-alanine to give 3-benzyloxy-1-(5'-car 
boxypentyl)-2-methylpyrid-4-one in 70% yield, this 
compound being obtained after recrystallisation from 
ethanol/acetone (1:1 v/v) as white crystals, m.p. 
145°-147° C. 

3-Benzyloxy-l-(5’-carboxypentyl)-2-methylpyrid 
4-one (l g) and N-hydroxysuccinimide (0.4 g) are dis 
solved in methylene chloride (20 ml) and dicyclohexyl 
carbodiimide (0.7 g) in methylene chloride (5 ml) is 
added slowly at 0° C. with stirring. After 20 minutes the 
resulting precipitate is separated by ?ltration and the 
?ltrate is treated with stirring with a solution of diami 
noethane (0.092 g) in methylene chloride (1 ml). A 
?occulant precipitate is formed which is ?ltered to give 
a very hygroscopic solid which rapidly forms an oil. 
This oil is dissolved in 95% ethanol and hydrogenated 
over a platinum/charcoal catalyst. The solution remain 
ing after separation of the catalyst is rotary evaporated 
to yield an oil which is triturated with acetone and then 
with diethyl ether to yield the title compound as a hy 
groscopic buff solid, 8(d6DMSO) 1.0-1.7 (m, 12H), 2.0 
(s, 6H), 2.2 (m, 4H), 3.0 (m, 4H), 3.8 (m, 4H), 6.0 (d, 2H), 
7.4 (d, 2H), 7.7 (m, 2H). 
(1) In a variation of this procedure the compounds 3 
benzyloxy-l-(3'-carboxypropyl)-2-methylpyrid-4-one 
and 3-benzyloxy-1-carboxymethyl-2-methylpyrid-4-one 
are prepared in an analogous manner using 4 
aminobutyric acid and glycine, respectively, then con 
verted to the active ester and reacted with diaminoeth 
ane to give (A) 1,2-di-[4-(3-hydroxy-2-methyl-4-oxopy 
rid-1-yl)-butanamido]-ethane and (B) 1,2-di-(3-hydroxy 
2-methyl-4-oxopyrid-l-ylacetamido)-ethane, respec 
tively. 

EXAMPLE 4 

Preparation of 
1,6-di-(3-hydroxy-2-oxopyrid- l -ylacetamido)-hexane 
2,3-Dihydroxypyridine (10 g) is suspended in ethyl 

bromoacetate (40 ml) and the mixture is heated in a 
sealed tube for 24 hours at 140° C. The tube is then 
cooled in solid CO2 and opened. The contents are sub 
jected to rotary evaporation at 50° C. to yield a yellow 
solid. Recrystallisation of this solid from water yields 
l-ethoxycarbonylmethyl-3-hydroxypyrid-2-one as 
white crystals (10.8 g), m.p. l4l°—l51° C. 

1-Ethoxycarbonylmethyl-3-hydroxypyrid-2-one (10 
g) is dissolved in methanol/water (9:1 v/v) (400 ml). To 
this solution is added benzyl chloride (3 molar excess) 
and NaOH until the pH is above 12. The mixture is then 
re?uxed for six hours to give a clear orange solution. 
The methanol is removed by rotary evaporation and the 
aqueous solution is extracted with dichloromethane to 
remove excess benzyl chloride. The aqueous phase is 
diluted slightly by adding extra water and then acidi?ed 
to pH 2 using concentrated hydrochloric acid which 
results in the precipitation of a beige solid. The mixture 
is cooled and the precipitate ?ltered off and washed 
with diethyl ether. The crude product is recrystallised 



5,104,865 
27 

from ethanol to give 3-benzyloxy-l-carboxymethylpy 
rid-Z-one (5.4 g, 41%), m.p. l76°—177° C. 

3-Benzyloxy-l-carboxymethylpyrid‘2-one (0.5 g) and 
N-hydroxy-succinimide (0.25 g) are dissolved in di 
methylformamide (10 ml) and the solution cooled in an 
ice bath. Dicyclohexylcarbodiimide (0.45 g) dissolved 
in dimethylformamide ( 10 ml), is added to the pyridone 
and allowed to stand for 18 hours. The precipitated 
dicyclohexylurea is separated by ?ltration and the ?l 
trate evaporated to dryness. The resultant residue is 
recrystallised from a methylene chloride/diethylether 
mixture to yield 3-benzyloxy-l-succinimyloxycarbonyl 
methylpyrid-Z-one (0.56 g, 80%), mp. 183°—184° C. 

3-Benzyloxy-1-succinimyloxycarbonylmethylpyrid 
2-one (0.5 g) is dissolved in dimethylformamide (12.5 
ml). To this solution is added a solution of 1,6 
diaminohexane (0.5 molar equivalent) in methanol (5 
ml). The resulting white precipitate is separated by 
?ltration and the colourless ?ltrate is evaporated to 
dryness. The resultant residue is extracted with a chlo 
reform/water mixture, the organic layer being dried 
(Na2SO4) and evaporated to dryness. The resultant 
residue is dissolved in ethanol containing 1% v/v of 
acetic acid and hydrogenated over palladium charcoal. 
Filtration, evaporation and recrystallisation from etha 
nol yields the title compound as a white crystalline solid 
in 70% yield, m.p. 240°~242° C.; vmax (nujol) 1645, 1580, 
1555 cm]; 8(d6DMSO) 1.2 (s, 8H), 2.9 (s, 4H), 4.15 (s, 
4H), 5.9 (t, 2H), 6.5 (d, 2H), 6.8 (d, 2H), 7.9 (t, 2H), 8.7 
(s, 2H). 

EXAMPLE 5 

Preparation of 
1,8-di-(3-hydroxy-2-oxopyrid-1-yl)-acetamido)-octane 
3-Benzyloxy-l-succinimyloxycarbonylmethylpyrid 

2-one—prepared as described in Example 4—is reacted 
with 1,8-diamino-octane in an analogous manner to that 
described for the reaction of this compound with 1,6 
diaminohexane in Example 4 to yield the title com 
pound in 76% yield, m.p. 238°-239° C.; vmax (nujol) 
1650, 1580, 1560 cm—1; 5(d6DMSO) 1.2 (s, 12H), 4.4 (s, 
4H), 5.9 (t, 2H), 6.6 (d, 2H), 6.9 (d, 2H), 8.0 (t, 2H), 8.8 
(s, 2H). 

EXAMPLE 6 

Preparation of 
N-[2-(3-hydroxy-2-methyl-4-oxopyrid-1-yl)ethyl]-3[3 
(3-hydroxy-2-methyl-4-oxopyrid-1-yl)]-propylamine 

and other related compounds 

3-Benzyloxy-2-methyl-4-pyrone (5.2 g, crude) is dis 
solved in a mixture of ethanol (100 ml) and water (200 
ml) containing sodium hydroxide (2 g), the pH of the 
resulting solution being about 12 to 13. The tri-amine, 
N-(2-aminoethyl)-1,3-propanediamine (0.75 g), is then 
added to give a reaction mixture which contains a 3.75 
molar excess of the 4-pyrone to tri-amine. The mixture 
is stirred at room temperature for 6 days and is then 
acidi?ed with concentrated HCl to pH 2 and rotary 
evaporated to give a brown solid. This solid is extracted 
with ethanol from which a white solid is obtained on 
rotary evaporation. Recrystalliation from water gives 
N-[2-(3-hydroxy-Z-methyl-4-oxopyrid-1-yl]-3-(3 
hydroxy-2-methyl-4-oxopyrid-1-yl-propylamine (1.5 g). 
This product is hydrolyzed by re?uxing in 40% w/w 
HBr in CH3CO2H (ca 300 ml) on a steam bath for 30 
minutes. The acids are removed by rotary evaporation 
(<1 mm Hg) and water is added to the resulting oil to 
give a white precipitate. This precipitate is redissolved 
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by heating and recrystallised by cooling to give the title 
compoundm (0.66 g, 31%) as large elongated off-white 
crystalls of m.p. 137°—140° C.; 'ymax (nujol) 840, 1020, 
1500, 1540, 1630 and 3400 cm—1; 6(d6DMSO) 2.2 (m, 
2H), 2.5 (s, 3H), 3.1 (m, 2H), 3.5 (m,2H), 4.4-4.8 (m, 
4H), 7.2 (d, 11-1)) and 8.4 (d, 1H). 
(1) In a variation of this procedure the following alternative amines are 
prepared. 

(A) 
N-[2-(Aminoacetamido)-ethyl]-3-(aminoacetamido) 

propylamine 
The p-nitrophenyl ester of N-benzylglycine (2 g) and 

N-(2-aminoethyl)-1,3-propanediamine (0.18 g) are dis 
solved in ethylacetate (30 ml). After standing for 1 hour, 
the mixture is ?ltered, evaporated and resulting solid 
triturated with diethyl ether. Recrystallisation of the 
product from ethanol yields N-[Z-(ben 
zylaminoacetamido)-ethyl]-3-(benzylaminoacetamido) 
propylamine as a solid, vmax (nujol) 1680, 1630, 1540 
cm-1;8(d6DMSO) 1.5 (quintet, 2H), 2.5 (m, 4H), 3.1 (q, 
4H), 3.6 (d, 4H), 5.0 (s, 4H), 7.3 (s, 10H), 7.4 (m, 2H), 7.7 
(m, 2H). 
Hydrogenation of this compound in ethanol contain 

ing 1% v/v of acetic acid over palladium/charcoal 
gives a 75% yield of the title compound as a viscous oil. 

(B) 
N-(Aminoacetamido)-N-[2-(aminoacetamido)-ethyl]-3 

(aminoacetamido)-propylamine 
The p-nitrophenyl ester of N-benzyl glycine and N-(2 

aminoethyl)-1,3-propane diamine are reacted in the 
same proportions as in (A) above but in dimethyl form 
amide as the solvent to yield, after working up in a 
similar manner, N-(N-benzylglycyl)-N-[2-(ben~ 
zylaminoacetamido)ethyl]-3-(benzylaminoacetamido) 
propylamine in 65% yield, 8(d6DMSO) 1.6 (m, 2H), 3.2 
(m, 6H), 3.5 (d, 4H), 3.8 (d, 2H), 5.0 (s, 6H), 7.3 (s, 15H), 
7.4 (m, 3H), 7.8 (m, 3H). Hydrogenation as in (A) above 
yields the title compound in 75% yield as an oil. 

(C) 
N-(Aminoacetamido)-N-[3-(aminoacetamido)-propyl] 

4-(aminoacetamid0)-butylamine 
The p-nitrophenyl ester of N-benzyl glycine and N-(3 

aminopropyl)-l,4-butane diamine are reacted together 
and the reaction mixture worked up in a similar manner 
to that described in (B) above for the reaction of this 
ester with N-(2-aminoethyl)-1,3-propanediamine to give 
N-(N-benzylglycyl)-N-[3(benzylaminoacetamido) 
propyl]-4-(benzylaminoacetamido)-butylamine, vmax 
(nujol) 1660, 1625 cm-1; 8(d6DMSO) 1.4 (m, 6H), 3.1 
(m, 6H), 3.2 (s, 4H), 3.5 (d, 4H), 3.8 (d, 2H), 5.0 (s, 6H), 
7.3 (s, 15H), 7.4 (m, 3H), 7.8 (m, 3H). Hydrogenation as 
in (A) above yields the title compound in 70% yield as 
an oil. 
The three amines prepared as described under (A), 

(B) and (C) are reacted with 3-benzyloxy-2-methyl-4 
pyrone in an analogous manner to that described in this 
Example for N-(2-aminoethyl)-1,3-propanediamine to 
give, respectively, N-[2-(3-hydroxy-2-methyl-4-oxopy 
rid-1-ylacetamido)-ethyl]-3-(3-hydroxy-2-methyl~4oxo 
pyrid-1-ylacetamido)-propylamine, N-(3-hyxdroxy-2 
methyl-4-oxopyrid-1-ylacetyl)‘N-[2-(3-hydroxy-2 
methyl-4-oxopyrid-1-ylacetamido)ethyl]~3-(3-hydroxy 
2-methyl-4-oxopyrid-1-ylacetamido)-propylamine and 
N-(3~hydroxy-2-methyl-4-oxopyrid-1-ylacetyl)-N-[3-(3 
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hydroxy~2~methyl-4-oxopyrid-l-ylacetamido)-propyl] 
4-(3-hyd roxy-2-methyl-4-oxopyrid- l -ylacetamido) 
butylamine. 

EXAMPLE 7 

Preparation of 
N-[3-(3-hydroxy-2-methyl-4-oxopyrid-l-ylpro 

pionamido)-propyl]-4-(3-hydroxy-2-methyl-4-oxopyrid 
l-ylpropionamido)-butylamine 

3-Benzyloxy-1-(2'succinimyloxycarbonylethyl)-2 
methylpyrid-4-one is prepared from 3-benzyloxy-l-car 
boxyethylpyrid-2-one by reaction with N-hydroxysuc 
cinimide as described in Example 1, the compound 
being isolated in an analogous manner to that described 
in Example 4 for the corresponding l-(2’succinimylox 
ycarbonylethyl) compound. The compound is obtained 
in 60% yield as a solid of m.p. l44l46° C.; vmax (nujol) 
1800, 1770, 1735, 1625, 1570 cm-1; 8(CDCl3) 2.0 (s, 
3H), 2.8 (s, 4H), 2.9 (t, 2H), 4.1 (t, 2H), 5.1 (s, 2H), 6.3 
(d, 1H), 7.3 (s, 5H), 7.3 (d, 1H). 

3-Benzyloxy-1-(2'succinimyloxycarbonylethyl)-2 
methylpyrid-4-one (0.5 g) is dissolved in methylene 
chloride (30 ml) and the solution is added dropwise 
over 15 minutes to spermidine [N-(3-aminopropyl 
butylamine) (0.19 g) in methylene chloride (10 ml). The 
resulting solution, is allowed to stand for 1 hour and is 
then washed with water, dried (Na2SO4) and evapo 
rated to give N-[3-(3-benzyloxy-2-methyl-4-oxopyrid-l 
ylacetamido)-propyl]-4-(3-benzyloxy-2-methyl-4-oxo 
pyrid-l-ylacetamido)-butylamine in 70% yield as an oil, 
which on trituration with cold ethanol followed by 
recrystallisation from ethanol gives a white solid, mp. 
89° C.; vmax (nujol) 3250, 1640, 1590 cm" 1; 6(d6DMSO) 
1.4 (m, 6H), 2.4 (s, 6H), 2.6 (m, 4H), 2.8 (m, 4H), 4.4 (t, 
4H), 4.9 (s, 4H), 7.3 (s, 10H), 8.] (m, 2H), 8.6 (d, 2H). 
Hydrogenation of this dibenzyl derivative over palladi 
um/charcoal in ethanol containing 1% v/v acetic acid 
in an analogous fashion to that described in Example 4 
yields the title compound as an oil. 

EXAMPLE 8 

Preparation of 
N,N-di-[2-(3-hydroxy-2-oxopyrid-l-ylacetamido 

ethyl]-2-(3-hydroxy-2-oxopyrid-l-ylacetamido)-ethyla 
mine 

3-Benzyloxy- l -succinimyloxycarbonylmethylpyrid 
2-one—prepared as described in Example 4—(2.l g) is 
dissolved in dimethylformamide (50 ml) and tri-(2’ 
aminoethyl)-amine (0.3 g) is added with stirring. The 
resultant solution is stirred for 10 minutes and is then 
evaporated to dryness. The residue is extracted with 
methylene chloride/water, the organic layer being 
evaporated to dryness. The residue is dissolved in 95% 
ethanol and hydrogenated over palladium/charcoal, 
?ltration and evaporation yielding a solid which is disic 
cated over solid NaOH. Recrystallisation of the desic 
cated solid from 95% ethanol yields the title compound 
(0.82 g, 68%) as a white solid, mp l12°-1l4° C.; vnmx 
(nujol) 1650, 1590 cm—1; 8(d6DMSO) 2.3 (s, 6H), 2.95 

(s, 6H), 4.4 (s, 6H), 5.9 (t, 3H), 6.55 (d, 3H), 6.9 (d, 3H), 
8.0 (s, 3H). 

10 

20 

25 

35 

45 

50 

55 

65 

30 

EXAMPLE 9 

The preparation of 
N,N-di1(2-[3-(3-hydroxy-2-methyl-4-oxopyrid-l-yl) 

propionamido]-ethyl)-2-[3-(3-hydroxy-2-methyl-4-oxo 
pyrid- l -yl)-propionamido]-ethylamine 

3-Benzyloxy-l-(2'-succinimyloxycarbonylethyl)-2 
methylpyrid-4-one—prepared as described in Example 
7-—is reacted with tri(2'-aminoethyl)-amine in an analo 
gous procedure to that described in Example 8 for the 
reaction of the corresponding l-(2’-succinimylcarbonyl 
methyl) compound. Working up in an analogous fashion 
gives N,N-di-(2-[3-(3-benzyloxy-2-methyl-4-oxopyrid 
l-yl)-propionamido]-2-[3-(3-benzyloxy-2-methyl-4-oxo 
pyrid-l-yl) propionamidoI-ethylamine in 45% yield as a 
thick viscous oil, 6(CDC13) 2.2 (s, 9H), 2.6 (t, 2H), 3.3 
(m, 4H), 4.1 (t, 6H), 4.9 (s, 6H), 6.1 (cl, 3H), 7.3 (s, 15H), 
7.6 (d, 3H), 8.8 (m, 3H). Hydrogenation of this tribenzyl 
derivative over palladium/charcoal in ethanol contain 
ing 1% v/v acetic acid in an analogous fashion to that 
described in Example 8 yields the title compound. 

EXAMPLE 10 

The preparation of 
N-(3-hydroxy-2-oxopyrid- l -ylacetyl)-N-[3-(3-hydroxy 
2-oxopyrid-1-ylacetamido)-propyl]-3-(3-hydroxy-2 

oxopyrid-l-ylacetamido)-propylamine 
3-Benzyloxy-1-succinimylcarbonylmethylpyrid-2 

one—-prepared as described in Example 4-(2 g) is dis 
solved in dimethylformamide (50 ml) and a solution of 
N-(3-aminopropyl)-1,3-diaminopropane in methanol (20 
ml) is added and the reaction mixture is allowed to stand 
overnight. Rotary evaporation yields an orange oil 
which is extracted with methylene chloride/water. The 
organic layer is dried, evaporated to dryness and desic 
cated over CaClg to give N-(3-benzyloxy-2-oxopyrid-l 
ylacetyl)-N-[3-(3-benzyloxy-2-oxopyrid-l 
ylacetamido)-propyl]-3-(3-benzyloxy-2-oxopyrid-1 
ylacetamido)-propylamine as an oil in 60% yield; 
8(d6DMSO) 1.6 (m, 4H), 3.0 (m, 8H), 4.3 (s, 6H), 4.75 (s, 
6H), 6.0 (t, 3H), 6.8 (d, 3H), 7.1 (d, 3H), 7.3 (s, 15H), 8.3 
(m, 2H). Hydrogenation of this tribenzyl derivative 
over palladium/charcoal in ethanol containing 1% v/v 
acetic acid in an analogous fashion to that described in 
Example 8 yields the title compound as an oil. 

EXAMPLE 1 1 

Partition data on linked 3-hydroxypyridones and their 
iron complexes 

The partition coefficient Kpan, being the ratio (con 
centration of compound in n-octanol)/(concentraction 
of compound in aqueous phase) on partition between 
n-octanol and aqueous tris hydrochloride (20 mM, pH 
7.4), is measured by spectrophotometry at 20° C. for 
various of the compounds of the previous Examples and 
for their iron(III) complexes (at l0-4M). The solutions 
of the complexes are either produced, for compound 8, 
by dissolving the pre-formed complex prepared as de 
scribed in Example 13, in the aqueous tris hydrochlo 
ride or, for compounds 5 and 10, by formation in the 
buffer in situ by the admixture of a 3:2 or 1:1 molar 
ratio, respectively, of the linked hydroxypyridone com 
pound:ferric chloride, the pH thereafter being read 
justed to 7.4 if necessary. Acid washed glassware is used 
throughout and, following mixing of 5 ml of the 10"‘M 
aqueous solution with 5 ml n-octanol for 1 minute, the 
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aqueous n-octanol mixture is centrifuged at 1,000 g for 
30 seconds. The two resulting phases are separated for 
a concentration determination by spectrophotometry 
on each. For the metal-free linked hydroxypyridone 
compounds, the range 220-340 nm is used for concen 
tration determinations whilst for the iron complexes, 
the range 340—640 nm is used. 

Values typical of those obtained are shown in Table 
2, the compounds being identi?ed by the same number 
ing system as that used in Table 1. 

TABLE 2 

Partition coefficients 

Partition coefficient KM” 
lron complex 

Compound Free compound [Feul-(compoundm 
5 0.017v 0.10 
8 0.02 0.03 
10 0.2 0,3 

EXAMPLE 12 

In vitro tests of iron binding capacity 

The linked hydroxypyridone compounds used in this 
Example were prepared as described in various of the 
previous Examples and are identi?ed in Tables 3 and 4 
below by the same numbering system as that used in 
Table l. 

(l) Mobilisation of iron from ferritin 

Horse spleen ferritin (Sigma) was used without fur 
ther puri?cation and its iron content was estimated 
spectrophotometrically at 420 nm. The ferritin solution 
in phosphate buffered saline (Dulbecco-OXOID, 
l0-‘6M, pH 7.4) was incubated at 25° C. with the com 
pound at l0—4M for 6 and 24 hours. Apoferritin (in 
admixture with ferritin) and the particular linked hy 
droxypyridone Few’) complex were separated by chro 
matography on Sephadex G10. The absorption spectra 
of the high and low molecular weight fractions were 
recorded and the percentage of iron removed from the 
ferritin was calculated and is reported in Table 3. For 
comparative purposes, the procedure was repeated 
using a blank control, and also with the single ring, 
bidentate compound l-ethyl-3-hydroxypyrid-4-one (at 
10-3M). In addition, results reported in the literature 
for similar tests with l>< l0r3M desferrioxamine 
(Crichton et al, J. Inorganic Biochem, 1980, 13, 305) 
and with 6X10-3M LICAMS (Tufano et al, Biochem. 
Biophys. Acta, 1981, 668, 420) are also given in the 
Table. It will be seen that the linked hydroxypyridone 
compounds are less effective at removing iron from 
ferritin than the single ring compounds probably owing 
to the fact that the size of the iron complexes formed, 
like those of desferrioxamine and LICAMS, are too 
large to rapidly penetrate the ferritin pores. 

TABLE 3 

Mm 
Concen- Percentage of 
tration iron removed 

Compound M 6 hours 24 hours 

Control — <1 <1 

l-cthyllhydroxypyrid- 10"3 25 44 
4aone 
4 i0~4 <1 3 
s 10-4 3 10 
Desferrioxamine 10'3 1.2 — 
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TABLE 3-continued 

Removal of iron from ferritin 

Concen- Percentage of 
tration iron removed 

Compound M 6 hours 24 hours 

LICAMS 6 >< i0-3 0 _ 

(2) Mobilisation of iron from transferrin 

Human transferrin (Sigma) was loaded with iron(III) 
by the method of Bates and Schlaback, J. Biol. Chem. 
(1973) 248, 3228. 59Iron (III) transferrin (IO-5M) was 
incubated with a 4X10-3M solution in tris HCl (0.1M, 
pH 7.4) of one of various pyridones as indicated in 
Table 4 for periods of 6 hours. Apotransferrin (inadmix 
ture with transferrin) and the particular linked hydrox 
ypyridone complex (Few!) complex were separated by 
chromatography or Sephadex G10. The 591’? content of 
both fractions was determined and the percentage of 
iron removed from transferrin was calculated and is 
reported in Table 4. For comparative purposes, this 
procedure was repeated with desferrioxarnine and 
EDTA. It will be seen that three-ring compound 8, in 
particular, gives markedly better results than desferri 
oxamine or EDTA. 

TABLE 4 
Removal of iron from transferrin 

Percentage of iron removed 
Compound after 6 hours 

5 32 
8 40 

Desferrioxamine l7 
EDTA 27 

EXAMPLE 13 

Preparation of the iron complexes 
The iron complex of l,6-di-(3-hydroxy-2-oxypyrid-l 

ylacetamido)-hexane (compound 4: described in Exam 
ple 4) is prepared by either procedure (a) or procedure 
(b). 

(a) An aqueous solution of 2 molar equivalents of 
ferric chloride is reacted for 5 minutes at room tempera 
ture with an aqueous solution containing 3 molar equiv 
alents of l,6-di-(3-hydroxy-2-oxypyrid-l-ylacetamido) 
hexanem. The resultant solution is adjusted to pH 7.0 
using 2 molar aqueous sodium hydroxide and is then 
freeze dried. The resulting powder is extracted with 
chloroform, ?ltered and the ?ltrate subjected to rotary 
evaporation to give an essentially quantitative yield of a 
complex containing the 1,6-di-(3-hydroxy-2-oxopyrid 
l-ylacetamido)-hexane bivalent anion and the ferric 
cation. Recrystallisation of the complex from ethanol 
gives wine red coloured crystals, m.p. 300° C., vmax 
(nujol) 1,520, 1,610 cm-l. 

(b) An ethanolic solution of 2 molar equivalents of 
ferric chloride is reacted for 5 minutes at room tempera 
ture with a chloroform solution containing 3 molar 
equivalents of 1,6-di-(3-hydroxy-2-oxopyrid-l 
ylacetamido)-hexane(1). The resultant solution is neu 
tralised by the addition of solid sodium carbonate, the 
precipitated sodium chloride removed by ?ltration and 
the ?ltrate evaporated to give an essentially quantitative 
yield of a complex containing the 1,6-di-(3-hydroxy-2 
oxopyrid-l-ylacetarnido)-hexane bivalent anion and the 
ferric cation, m.p. >300° C. 






